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O (S-n Abstract- A process for reducing or avoiding production of foam on the surface of a fermendng wort is provided, comprising 
^ Xwng L passage of CX). so as to produce a retentate having a reduced CO^ content, and recychng the letentate to the fermenter. 
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PROCESS FOR REDUCING OR AVOIDING PRODUCTION OF FOAM ON 
THE SURFACE OF A FERMENTING WORT 

5 The present invention relates to a process for 

reducing or avoiding production of foam on the surface 
of a fermenting wort. 

Beer is traditionally produced from germinated 
barley (malt), water, yeast, hops, and, possibly, raw 

10 grain. The germinated barley is initially ground so 
that the endosperm is laid open, whereupon a mashing 
takes place. By the mashing, the ground malt, water, 
and, possibly, raw grain are mixed in a container, and, 
subsequently, a heat treatment is carried out. The heat 

15 treatment may follow various routes temperature depend- 
ing on the malt enzymes desired to be most active. 
During the mashing, the starch of the malt and the raw 
grain is converted into fermentable carbohydrates. 

After the mashing the liquid phase referred to 

2 0 herein as the wort is separated from the insoluble 
components called the spent grain. The wort is then 
boiled with hops (wort boiling) or hops extract is 
added. The wort contains dissolved solids, referred to 
herein as the extract. The extract has a high content 

2 5 of fermentable carbohydrate types. 

Following the admixture of yeast, the wort is led 
to a fermenter. During the fermentation, the 
fermentable part of the extract is mainly converted 
into ethanol and CO^ . Since the solubility of CO^ in 

3 0 the wort is relatively low, gas bubbles will generate 

and rise to the surface of the fermenting wort . While 
rising, the gas bubbles will carry away various wort 
components, especially proteins and bitter compounds, 
whereby a foam is produced on the surface of the 
35 fermenting wort. 
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The production of sai d foam is undesirable for 
seve.ral reasons . First of all, the wort filling level 
will suffer because there has to be room enough for the 
foam above the surface of the fermenting wort. Thus, 
5 the typical filling level is 85%. Secondly, some of the 
taste and flavour compounds are carried upwards into 
the foam layer. In particular, the bitter compounds 
deriving from the hops tend to be carried upwards into 
the foam layer so that the utilization of the hops 

10 admixed during the boiling becomes less than optimally. 
Finally, due to the removal of the foam during and 
after fermentation a so-called foam trap has to be 
established as a special measure in connection with the 
CO^ recovery process, 

15 Various processes for reducing the production of 

foam in a fermenting wort have been suggested in the 
prior art. In European Patent No. 0 017 650 it is 
suggested to place a layer of floats on the surface of 
the fermenting wort, said floats having an eccentric 

2 0 centre of gravity so that a stable floating capacity is 

obtained. The presence of such a layer of floats should 
restrain the production of a foam layer because foam 
components is deposited on top of the floats, whereby 
these turn around and return the foam components to the 
25 fermenting wort. 

In German Publication No. 25 35 548 it is sug- 
gested to use a mechanical foam separator. The foam 
separator mainly comprises a number of rotating discs 
placed on a hollow shaft. The foam is disintegrated 

3 0 between the discs when influenced by the gravity into 

the gas and liquid/solid components. The liquid and 
solid components will be absorbed by the fermenting 
wort whereas the gas will escape through the hollow 
shaft. 

35 While said suggestions for reducing foam above the 
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fermenting wort may to some extent be used to reduce a 
foam layer already produced, the prior art does not 
describe how the production of foam may be totally or 
partially avoided. As the person skilled in the art 
5 will realize, it is disadvantageous to have floats or 
a mechanical foam separator inside the fermenter since 
such means may involve the risk of contaminating the 
fermenting wort. 

The object of the present invention is to provide 

10 a process wherein the production of foam is reduced or 
totally avoided when fermenting a wort. A further 
object is to provide a process which makes the presence 
of various means like floats or foam separators inside 
the fermenter unnecessary. 

15 According to the present invention, said objects 

of are met in a process for reducing or avoiding 
production of foam on the surface of a fermenting wort 
comprising 

- recovering a flow from a fermenter containing a 
2 0 fermenting wort, 

- treating the flow in a membrane module comprising a 
membrane allowing the passage of CO^ so as to produce a 
retentate having a reduced CO^ content, and 

- recycling the retentate to the fermenter. 

2 5 The invention also relates to a plant for the 

fermentation of a wort while reducing or avoiding 
production of foam on the surface, said plant compris- 
ing a container for t he wort fe rmentation, a^ membrane 
module having a chamber j^^ret^entate and^a^chamber for 

3 0 permeate separated by a membrane allow jjig pas^^^ 

C02^,"me'ans for providing a pressure difference over the 
tneffErane, means for providing liquid communication 
betw^een the container for the wort fermentation and the 
retentate chamber, and means for recycling the reten- 
35 tate from the membrane module to the container for the 
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the wort fermentation. 

The flow of fermenting wort from the fermenter is 
mainly recovered continuously. The recovery may take 
place from arbitrary portions of the fermenter but 
5 preferably the flow is recovered from the lower portion 
of the fermenter, in particular from the bottom por- 
tion, in order to avoid formation of a layer of pre- 
cipitated dead or dying yeast cells. By the traditional 
brewing method, such a layer will be formed and result 
10 in not necessarily desired flavouring agents from the 
dead or dying cells being incepted by the fermenting 
wort . 

The container for the fermenting wort may be of 
any arbitrarily suitable type. In modern production, 

15 fermenters having a size of about 500 m*^ are normally 
used. This leads to a considerable pressure on the 
liquid at the bottom of the fermenter. Thus, when 
recovering the fermenting liquid it is not always a 
must to use a pump to obtain the necessary pressure to 

20 convey the fermenting liquid to the membrane module. 
Usually it is preferred, however, to use a pump to 
adjust the pressure on the retentate side of the 
membrane . 

Inside the membrane module, the fermenting wort is 
25 treated by being contacted with a membrane allowing the 
passage of QO^, ^^z^^^ present as a dissol^jd^c^^ 
or'^s' carbonic acid TH2CO3) within the f ^mentinq wort , 
and," depending "'on the physical conditions, such as 
temperature, pressure, and concentration/ partial 
30 pressure of CO^, possibly also as a separate gas phase. 
Usually, it is preferred to carry out the treatment 
under conditions wherein CO^ is present as a dissolved 
component or as carbonic acid in the liquid to be 
treated inside the membrane module. The membrane is 
3 5 mainly characterized in that no component or only a 
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minor amount of the other components of the wort pass 

through same . 

The membrane may be produced of various sorts of 
material. The membrane is preferably made of a polymer 
5 material but ceramic materials are applicable as well. 
Examples of polymer materials are polysulphone, poly- 
amide, polyethylene, polypropylene, polytetraf luoro- 
ethylene, polyurethane , and cellulose acetate. The 
membrane is usually porous so that a number of pores 
10 appear through which CO^ is transferred. 

A porous membrane may be asymmetrical or dense. In 
an asymmetrical membrane, the pores are asymmetrical so 
that the diameters of the pores facing the feed flow 
are smaller than those of the pores facing the per- 
15 meate. In a dense membrane, the pore diameters through 
the membrane are essentially constant. Usually, it is 
preferred to use asymmetrical membrane types since, at 
a given robustness of the membrane, the pressure loss 
over same is considerably lower than for dense membrane 
20 types. 

On^ the permeate s ide of the_^ metnbrane^ a^ gas ^r 
1 iquid fluid Jiay^c^rculatr in^ 

to which CO, jn^ bond- The fluid on the permeate side 
h a'sT iower pressure than that on the retentate side of 
25 the membrane so that over the membrane ^^Jf^^^^^ 
is provided. When conveyed from the retentate srde"€o 
the"permeate side of the meii±>rane, CO^ will dissolve in 
or bind to the circulating fluid. The fluid containing 
may subsequently be regenerated so as to remove CO^ 


CO 


3 0 by a suitable process, e.g. stripping, extraction, 
phase separation, heating, etc., after which the 
regenerated fluid is recycled into the membrane. A 
suitable fluid could be an aqueous solution of ions of 
a alkaline earth metal, e.g. an aqueous solution 
35 containing ions of magnesium, calcium, strontium, or 
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barium. A gaseous fluid may be used a s a sweepi ng gas 
for the disposal„ofj:„g2.pas^sing__thr(^ 

order "to'~reduce the _partial , pressure oJ_ COj _in the 
immediate vicinity of t he me mbrane . 
5 "~°~™'pr'^ferabiy, however, a fluid is not circulated on 
the permeate side of the membrane. Instead a pressure 
considerably lower than that on the retentate side of 
the membrane is provided so that CO^ passing through 
the membrane will be removed as a gas phase in the 
10 permeate. 

If so desired, the amount of CO^ removed from the 
fermenting wort may be recycled into the produced beer 
during the filtering and broaching process later on in 
the brewing process. 

15 By the process according to the invention any 

suitable membrane module is applicable. Suitable 
membrane modules are for instance hollow fibre modules 
and so-called plate -and- frame modules. A hollow fibre 
module usually comprises a number of hollow fibres 

2 0 mainly provided in parallel in a cylindrical casing. At 
the end of the cylindrical casing, the hollow fibres 
are sealed by means of a suitable stopping means, thus 
defining a first chamber, which is delimited by the 
outer surface of the hollow fibres, the inside by the 

25 stopping means and the inside of the casing. A second 
chamber is constituted by the cavity of the hollow 
fibres . 

The casing of a hollow fibre module is usually 
provided with inlet and outlet means for fluid. When 
flowing into the first chamber, the fermenting wort 
will get into contact with the outer surface of the 
hollow fibres. On the surface, a mas transfer will 
occur which allows CO^ to pass into the membrane 
whereas the fermenting wort is predominantly retained. 
35 A provided pressure difference over the membrane is the 


30 
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driving force through the membrane. The CO^ passing 
through the membrane will travel into the second 
chamber defined above and be present in the permeate. 
If desired, the two chambers may be inter-changed 
5 so that the fermenting wort is transferred into the 
cavity of the fibres and the permeate flows inside the 
cavity defined by the outside of the fibres, the inside 
of the casing, and the inside of the stopping means. 

In case the membrane module used for the process 
10 according to the invention is of the pi ate -and- frame 
type, the first chamber is delimited by the inside of 
a frame and one side of a membrane whereas the second 
chamber is delimited by the inside of another frame and 
the other side of the membrane. A flow of fermenting 
15 wort is led into the first chamber through an inlet 
means and brought into contact with a first side of the 
membrane. A pressure difference provided over the 
membrane is the driving force for the transport of the 
COj through the membrane. 
20 If desired, the membrane may be provided with a 

suitable support in order that the membrane becomes 
sufficiently robust to withstand the pressure differ- 
ence between the first and the second chamber. The 
pressure difference over the membrane is at least 
25 sufficient to ensure considerable transport of CO^ . 
Upwards, the pressure difference over the membrane is 
delimited by the physical destruction of the membrane 
structure. The pressure difference preferably amounts 
to 0.1 MPa to 10 MPa. especially between 0.5 and 5 MPa. 
30 When treated in the membrane module, the retentate 

obtains a reduced CO^ content. Before recycling into 
the fermenter, the retentate may be cooled, if desired. 

The fermentation of the wort in the fermenter 
creates heat. In order to prevent the fermenting wort 
35 from being heated to an undesired level, a cooling of 
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the fermenter is usually provided by furnishing same 
with a cooling jacket. When establishing a new fermen- 
ter, it is cost -consuming to provide same with a 
cooling jacket. If the retentate is cooled down before 
5 being recycled into the fermenter, the cooling jacket 
may be saved when establishing a new fermenter, which 
will reduce the overall costs. 

Furthermore, when cooling the retentate instead of 
or as an additional measure to using a cooling jacket, 
10 a better possibility of controlling the temperature 
distribution inside the fermenter is obtained. When 
cooling by means of a cooling jacket, some local 
cooling down of the part of the fermenting wort close 
to the walls of the container may occur whereas the 
15 part of the fermenting wort closer to the centre of the 
container may not be cooled down to the same extent. 

When recycling the retentate into the fermenter it 
is preferred to direct the flow in such a way that an 
increased stirring of the fermenting wort is obtained. 
20 Thus, if the flow to be treated inside the membrane 
module is recovered from the bottom of the fermenter, 
it is preferred to recycle the retentate at a higher 
level, e.g. at the upper end of the fermenter, possibly 
at a level above the liquid surface. If desired, the 
25 recycling of the retentate into the fermenter may take 
place at a relatively high flow speed, e.g. by provid- 
ing the opening with a nozzle or the like. 

More stirring than by conventional fermentation 
inter alia makes it easier for the yeast cells to get 
3 0 into contact with the fermentation substrates, such as 
fermentable carbohydrates, whereby the time of the 
fermentation will be reduced. Furthermore, because of 
the increased accessibility to the fermentation sub- 
strates, the yeast cells will be less inclined to 
3 5 hibernate or die which improves the quality of the 
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yeast as a whole. 

In one preferred embodiment of the present inven- 
tion the yeast cells are immobilized on a suitable 
vehicle so that free-flowing yeast cells are only 
5 present in the fermenting wort to a limited extent or 
not at all. The particles comprising the immobilized 
yeast cells are prevented or inhibited from getting 
into contact with the membrane, e.g. by means of a net 
having a smaller mesh size than the diameter of the 

10 particles and provided at the bottom of the fermenter. 
The advantage of omitting the presence of free-flowing 
yeast cells in the fermenting wort is that yeast cells 
do not cause fouling of the membrane having the effect 
of reduced flux and deteriorated selectivity. 

15 Yeast cells may be immobilized in any suitable way 

known to the person skilled in the art. For instance, 
yeast cells may be immobilized as suggested in US 
Patent No. 4,305,765 by using sulphated polysaccharides 
(e.g. carageenan, furcellaran, and cellulosesulphate) , 

20 polyacrylamide, sodiumalginate, polyvinylalcohol , 
cellulosesuccinate, or caseinsuccinate . In US Patent 
3,860,490 it is suggested to use polymerized acrylates 
and methacrylates . Gelatine , acrylolylpolymers , or 
carboxymethylcellulose may also be used as the immobi- 

25 lizing material. 

The flow recovered from the fermenter mainly has 
such a size and is treated with such an intensity 
inside the membrane module that in the fermenter the 
fermenting wort obtains a CO^ concentration lower than 

30 the CO^ saturation point at the given pressure and the 
given temperature. When the CO^ amount is kept below 
the saturation point, no bubbles of CO^ occur, and, in 
consequence, the production of foam on the surface of 
the fermenting wort because of ascending gas bubbles is 

35 avoided completely. 
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Usually, it is preferred to lower the concen- 
tration of COj in the fermenting wort to a value 
considerably lower than the saturation point, e.g. to 
4 g/1 or less. The reason is that CO^ is produced in 
5 the yeast together with ethanol in a equilibrium 
reaction by conversion of carbohydrates. A high concen- 
tration of CO^ will thus result in a displacement of 
the equilibrium away from the production of ethanol, 
i.e. COj has a product -inhibiting effect that results 
10 in a slower conversion. If the CO^ concentration in the 
fermenting wort is reduced, the conversion velocity of 
the fermentable carbohydrates is increased, and, thus, 
the fermentation time becomes shorter. 

In the following, the invention will be described 
15 in further details with reference to the attached 
drawing, in which the figure shows a flow chart on a 
plant having reduced or avoided production of foam on 
the surface of a fermenting wort. 

In a fermenter 1, a fermenting wort is contained. 
20 Over a valve 2, the fermenting wort is transferred into 
a retentate chamber 4 of a membrane module 5 by means 
of a pump 3. Inside the membrane module, the retentate 
chamber 4 is separated from a permeate chamber 6 by a 
membrane 7 allowing the passage of CO^. Together with 
25 pump 3, a pump 8 for obtaining a vacuum inside the 
permeate chamber provides a pressure difference over 
the membrane sufficient for essential transport of CO^ 
through the membrane. The CO^ containing permeate is 
led to a suitable receptacle not shown. 
30 The retentate, which has a reduced CO^ content in 

comparison to the content in the fermenting wort 
conveyed to the membrane module, is cooled in a heat 
exchanger 9 before being recycled to the fermenter 1. 
At the upper end of the fermenter a valve 10 for 
3 5 maintaining the desired pressure in the container is 


wo 00/78916 


PCT/DKOO/00323 


11 


10 


20 


provided . 

At the beginning of the fermentation, initially a 
wort comprising yeast is led into the fermenter. The 
CO concentration of the wort will increase upon the 
5 conversion of carbohydrates, and at a certain predeter- 
mined COj concentration the plant described above is 
started. If desired, the plant may be started immedi- 
ately after the fermenter having been filled in order 
to provide a stirring of the wort. 

During fermentation, the plant is operating 
continuously. The amount of fermenting wort led into 
the membrane module and the pressure difference over 
the membrane is adjusted so as to obtain the desired 
degree of CO^ removal. 
15 At the end of the fermentation, the production of 

CO drops. The plant is stopped and yeast cells are 
allowed to precipitate inside the fermenter. After 
removal of the precipitated yeast cells through valve 
2, if so desired, the green beer is stored for a prede- 
termined period. If desired, the green beer may be 
conveyed to another container for storage. 
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PATENT CLAIMS 
1. A process for reducing or avoiding production 
of foam on the surface of a fermenting wort comprising 

- recovering a flow from a fermenter containing a 

5 fermenting wort, 

- treating the flow in a membrane module comprising a 
membrane allowing the passage of CO^ so as to produce 
a retentate having a reduced CO^ content, and 

- recycling the retentate to the fermenter. 

10 2. The process according to claim 1 wherein the 

flow of a fermenting wort is recovered from the bottom 
of the fermenter. 

3. The process according to one of the claims 1 or 
2, wherein the flow recovered from the fermenter has 

15 such a size and is treated with such an intensity 
inside the membrane module that in the fermenter the 
fermenting wort obtains a CO^ concentration which is 
lower than the saturation point at the given 

pressure and the given temperature. 

20 4. The process according to claim 3, wherein the 

CO2 concentration of the fermenting wort inside the 
fermenter amounts to 4 g/1 or less. 

5. The process according to anyone of the claims 
1 to 4, wherein the retentate is cooled before being 

2 5 recycled into the fermenter holding the fermenting 

wort , 

6. The process according to anyone of the claims 
1 to 5, wherein the recycling of the retentate is 
effected in such a way that a vigorous stirring is 

3 0 provided , 

7. A plant for fermentation of a wort having 
reduced or avoided production of foam on the surface, 
said plant comprising a container for the fermentation 
of a wort, a membrane module having a chamber for 

35 retentate and a chamber for permeate separated by a 
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metnbrane allowing passage of CO2/ means for providing 
a pressure difference over the membrane, means for 
providing fluid communication between the container for 
the wort fermentation and the chamber for the reten- 
5 tate, as well as means for recycling the retentate from 
the membrane module to the container for the wort 
fermentation. 

8. The plant according to claim 7, in which the 
outlet from the container for the fermentation of the 

10 wort is provided at the bottom portion. 

9. The plant according to claim 7 or 8, in which 
a cooling device for cooling the fermenting wort is 
provided after the membrane module but before the 
recycling of retentate into the container for the fer- 

15 mentation of the wort. 

10. The plant according to anyone of the claims 7 
to 9, in which the outlet for the fermenting wort is 
provided at a lower level than the inlet for recycling 
of the retentate into the fermenter. 
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